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(£, Method for utilizing triethylaluminum to prepare an alumoxane support for an active metallocene 
catalyst 



42 r-rs ir.vr^i'cn relates to a process ror preparing a supported metallocene alumoxane cata-yst for use in the 
po.ymenzaticn ci olefins. The invention particularly relates to the use of silica gel containing from about 6 to 
abcut 20 per cent by weight adsorbed water as the catalyst support material. It has been found that such silica 
get may be safely added to a solution, of trialkylaluminum to form by direct reaction with the adsorbed water 
cogent of re silica gel catalyst support material the majority of the alumoxane component requirement of the 
ca;=jy$t system. An alkylalumoxane coated silica gel is formed to which a tnmethylaluminum treated metallocene 
may ce adceo and the resulting material dried to free-flowing powder. The dry free flowing powder may then be 
usee as a s-ccorted metallocene alumoxane catalyst complex for gas phase or liquid phase polymerization of 
olefins. The sucoorted catalyst produced by such procedure has an activity at least comparable to a catalyst of 
similar composition which is produced exclusively with trimethylaluminum as the alumoxane forming aluminum 
alkvi. 
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METHOD FOR UTIUZ.NO TRIETHYLALUMINUM TO PREPARE AN ALUMOXANE SUPPORT FOR AN ACT.VE 

METALLOCENE CATALYST 

•ne wJZZ^vTT** 3 Pr:C6SS PrePannQ 3 SUPPOrt6d '"e.a.locene-alumoxare catalyst f=, uSe ,n 
-ie g*s pnase i.qu.d phase pc.ymerizat.on of olefins. The invent™ particularly relates to the use of siNca 

f^ZX^F? 6 J° m 20 per cent by we,9ht adsofbed vat - as 

< -ec ^ l0n -th he adsorb ^ ^ «° 3 S °' U,i ° n ° f '-.ky.atlm.num to ^ 

" ^ o -e a!a.ys v ti: fn f T™ °' ^ 8 " C3,3,ySt SUPPOrt ma " na '- the al — * 
-ontac- rc unV'-l? Pr6Sem mvent, ° n ,he a,umoxar -e comocnen. iS formed bw 

- : uooon ic " ed 1 T 3 S0,U " 0n ° f ,rie,h y |a — after *h,ch the ethyla.umoxane coated 

-"° e DC : Td^^S ;, eSUmn9 ,f ° m ^ reaCti0 ° ° f 3 meta ' ,0Cene ^ ^yW-nin-m. 
g _.er,al .s dr.ed t, tree flowng powder to yeld a supportec catalyst wn. C h is comparable in 
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-twu. a catalyst pr^ared so.ely w.th trimethylalum^m as the alumoxane fcrm.ng corr. SO nent. 
3ackgrcund to re Invention 

* -ropcc^T ,n°ao"-:t Toss 7T* 3 me,a,locene and a " a '"™ um alky, component were first 

^^ir? JSL f Patem 220436 Pf0P ° Sed <0r USe 38 3 "»•"•"»*» catalyst a bis- 
;?£ --12"- m n ' Um - ° f V3nadiUm S3lt 35 feaC,ed w,th 3 vafi *>' <* "abated or 

C s - " Y ' ::mpounas - A,th0uQn «P a b'e of catalyzing the polyn £ r.zation of xylene 
- S ;; e : ::fT,plexeS - SSp6:s "y those by reaction w,th a tna.^i a<um,nun. had an ^ S 

" /thyUe." " 3 IV " V t0 ^ 5mP '° yed COmmerc,a "V P-Cucnon c/pclyethy-er-e or copo.Xrs ol 

~,J^> , i W " '? nd th3t CS,T3in me,a,,ocenes s "Ch as bis-Ccydopemadieny.) ntanium or 2I rconium 
^.T^TT alk * r ter coca«a.yst <°-< cata.yst systems for the 'poUSZ 
--i/rr-u-ticn . i;3lyst fcr ethy 5ne cons , st(n cf b.S-(cyclopentad.enyl> vtan.um cfekyl trialkvla-m.num 

2 , 6 , 8 ; 933 disc,oses an 

•^Sr- sc -"--s I t^rZ r tna,ky,a,um,num coca,a| y*t and water. European Paten, Appfcwn No. 

:^!:;;;: d ' f ...T. r - s 30 3lumoxane - Such ca,alysts have ***** to be 

" ad^c'n * k , COn,r0 ' °' POly0 ' e,in m °' eCu,ar weiQht & V mea "S other than hvdrogen 

tmZrl a , - -h « " "T 9 re3Cti0n ,em P efat "^ by controlling the amount of cocatafyst 
dumcxars as ,.:h or as produced by the reaction of water with an aluminum afkyl 

-ocariv- clrZTT f *** SyS,6mS ' ° ne muSt USe or ^e the required a.umoxane 

i< ict o/ -f °n f m ° Xan * ' S Pr ° dUCed by the reac,ion of an a,u ™" m **y -th water. The 

v olence the ^ ^ ^ ex0,hermic " BecauSe °' ^ extreme 

ntcf rwo Ter-rTZZ: T"" C0Ca,a,ySt C ° mP ° nent h3S ' heret ° ,0fe - 0660 Separate,y by 
4h ls^ ?hT^m n ° h A 'r° XaneS m3y be Pr6pared by addina extreme, V fi "«'y water 

hydrocarbons, .ne product.cn of an alumoxane by such procedure requires use of explosion-oroof 
-«T, 8 =oTS "Is?; 6 C h ° ntr0 ' °' ^ re3C,, ° n C ° ndi,i °" S in ° rder * ^« POten" , fire aSnS 
-Crated , . T? ^ ' ° l ° Pr ° dUCe alumoxane b y reacting an atuminum a.ky. with a 

>J6 ated s alt. s.ch as hydrateo copper sulfate. In such procedure a slurry of finely dmded copper sulfate 

- whiiT,.; ' ,h h 3nd ^ re3Cti ° n mixtUre ,S ma,ntained a « ^ temperature for 24 to 48 hours during 
ar d a t ^r e y ^° s CCUr r ^ T hiCh a,Um ° Xane iS Pr0dUCed ' Mth °^ h the P rod ^°" of a '^^ by 

c oces; T^I^S^ IT a ' Um0Xane ^ re3Cti0n Wi,h 3 hydr3ted Salt must be carried cut as a 

? nQ ^ metal,ocene - al ^oxane catalyst itse.f. is slow, and produces 

sr -roeucucl T-l T,T =,S , P0Sal Pr0b ' emS - Further - be,ore ,he a,umoxa "« ^ be used for the 
: umcxS to *Z Ti" 9 ^ COmP ' eX ,he hydra,ed sa " f9a ^ must be separated from the 
"oTmari^iT frPm , =eCOmin9 enU3ined in the ca,a,yst com P' ex a "d thus contaminate any 
- r ri™ >h h 6,ther °' ^ 3b0V9 d6SCribed methods - °"'y trimethylaluminum (TMA) 
; fmS 3, ^ 0xar5 w * 900^ catalytic activity, other alkylaluminums. such as tnethyla.um.num (TEAL) form 
ciumoxare witr. .ery low catalytic activity. 
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U. S. Patent 4.431.788 discloses a process for producing a starch filled polyolefin composition wherein 
a tnalkv aluminum »s 'irst reacter with starch carttcles of a moisture content below 6 weight percent. The 
starch canicles are then treated a-th a (cycopentadienyi)chromiurn. titanium, vanadium or zirconium aikyi to 
form a ^etallocene-alunoxane c^ralyst complex on the surface of the starch particles. An olefin is then 

f polymer red about the starch par: ;:es by solution or suspension polymerization proceaures to form a free- 
flowing romposition of polyoleftn-:oated starch particles. German Patent 3.240.382 likewise discloses a 
method *or producing a filled poryolefin composition which utilizes the water content of an inorganic filler 
material :o directly react with a :nalkylaluminum and produce thereon an active metalloc ne-alumoxane 
catalyst complex. Polymer is procuced by solution or gas phase procedures at the filler surface to uniformly 
coat the ^ller particles and provioe a filled oolymer composition. 

Gerr-an Patent 3.240.382 notes that the activity of a metailocene-alumoxane catalyst is greatly impaired 
or lost when prepared as a surf&ce coating on an inorganic material. Although German Patent 3.240.382 
sucges:s that an inorganic maters! containing absorbed or adsorbed water may be used as a filler material 
•'rem a- -h the aiumoxane cccicalyst comccr-ent may be orepared by direct reaction with a tnai- 

•s kyialurr-i-um. the only water conta-nng inorganic filler materials which are identified as capable of producing 
the alurroxane without adversely affecting the activity of the metallocene aiumoxane catalyst complex are 
certain ^organic materials containing water of crystallization or bound water, such as gypsum or mica. 
German Patent 3.240.382 does ~ot illustrate the production of a catalyst coated inorganic filler material 
wherem :he inorganic material s one having absorbed or adsorbed water. Nor does German Patent 

20 3.240.3e2 describe an inorganic f<-er material having absorbed or adsorbed water which has surface area or 
pore vct'-me properties suitable to* service as a catalyst support for a gas phase polymerization procedure. 

My :o-pendmg U.S. Patent Acolicaticn Serial No. 134.413 discloses a method by wnich the reauisite 
a!umo.*a-e cocataiyst componen ; or a suocored metallocene gas phase polymerization catalyst may be 
safely t'-z economically preparec cy addition oi an "undehydrated" silica gel to a trialkyiaiuminum solution. 

25 My co-cendmg application illusxrates the procuction of highly active silica gel supported metallocene- 
alumoxare catalyst wherein trimenylaluminum is utilized to form the aiumoxane. Although triethylaluminum 
is known to be ineffective for the separate production of an aiumoxane cocataiyst to yield a highly active 
catalyst system with a metallocene. in accordance with the method disclosed in my co-pending application 
Serial N:. 134.413. tnethylalumr-jm was fourd to be suitable for production of very active supported 

30 metailocene-alumoxane catalyst s> stems by directly reacting tnethyiaiuminum with undehyarated silica. 

Altncugh the relatively low :;st of triethylaluminum (TEAL) compared to trimethylaluminum (TMA) 
would seem to make TEAL prefered for use. such is still not the case when viewed in light of the difference 
m catalyst activity between a TMA procuced catalyst system compared to a TEAL produced catalyst 
system The supportec catalyst r*;ducec exclusively with TMA always has an activity at least about 20% 

35 greater nan a like catalyst system produced exclusively with TEAL. More typically, the activity of a TMA 
produced catalyst may be about :00% greater than a TEAL produced catalyst. Hence, from a commercial 
production standpoint, the catalysi activity oifference still dictates the use of TMA for production of the 
aiumoxane cocataiyst component despite the cost savings that could be realized by use of TEAL as an 
alternative. 

40 It wculd be desirable to devise an economical procedure whereby an active supported metailocene- 
alumoxane catalyst could be safely produced for use as a gas phase or liquid phase polymerization 
catalyst. To be economical the procedure should dispense with the requirement of producing the aiumox- 
ane comoonent as a separate component apart from the procedure by which the catalyst itself is prepared. 
Further. 4 would be desirable to cevise a procedure which utilizes TEAL to produce a substantial portion of 

^5 me alurroxane cocataiyst requires to provide a supported metailocene-alumoxane catalyst of an activity 
comparaole to one wherein the recuisite aiumoxane cocataiyst component is formed exclusively from TMA. 



Summan/ of the Invention 

so 

The orocess of this invention utilizes as the catalyst support material silica particles having a surface 
area in me range of about 10 m* g to about 700 m 2 'g. preferably about 100-500 m 2 g and desirably about 
200-400 m 2 'g. a por volume of aoout 3 to about 0.5 ccg and preferably 2-1 cog and an adsorbed water 
content of from about 6 to about 20 weight per cent, preferably from about 7 to about 15 w ight per cent. 
55 Such s*ca particles are referrec to hereafter as an "undehydrat silica gel.- The silica gel supported 
metailocene-alumoxane catalyst >s prepared by adding th undehydrated silica gel to a stirred solution of 
trialkyiatuminum in an amount su^cient to provide a mole ratio of trialkylaluminum to water of from about 
3:1 to acout 1:2. preferably 1.2:1 :o about 0.8:1: thereafter adding to this stirred solution a metallocene in an 
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amount sufficient to provide an aluminum to transioonai metal ratio of from about 1000:1 to 1:1. preferably 
: «-om acout 300:1 to iQi. mos: oreferably from aocut 1 50: 1 to about 30:1: removing the solvent and drying 
:re scids to a free flowing powcer. Drying can ze cctamed by modest heating or vacuum. 

T~e onec rree flow:ng powoer comprises a metaiiocere-alumoxane catalyst complex adsorbed upon the 
surface of the silica eel supcort particles. The sucportea catalyst complex has an activity sufficient for 
commercial polymerization of ciefins by conventions gas phase or liquid phase polymerization procedures. 

The process of this mvencon further orovices :*or the use of TEAL to produce a substantial portion of 
the atumoxane cocataiyst comoonent reouirec to produce a supported metallocene-aiumoxane catalyst 
raving a degree of catalytic activity which is ccmparaoie to a catalyst of like composition wherein the 
aiumcxane cccaialyst component is produced exclusively with TMA. Accordingly, in this embodiment of the 
crocess. the undehyorated siuca gel supoon material >s added to a stirred solution of TEAL to form an 
ethyiaiumoxare coatee silica gel. A metailocene is separately reacted in solution with TMA and the resulting 
^eta:iocene-TMA procuct is acmixed witn the ernyialumcxane coated silica gel after .vhich the solvent is 
-emc.TO anc :re soucs dnec 10 a free-^owirg cewcer Wherein the quantity of TEAL reacted with the 
„nae^ycratec siiica ge-. »s m a mole ratio :o tr.e .vazer content of the silica gel of from aoout 0.7:1 to about 
m a supported catalyst of hign activity can be -eaiized by reacting a quantity of TMA with the metailocene 
such that the mole rano of TMA:metailocene is from about 0.1:1 to about 10:1. the total mole quantity of 
coth :r:aikyiaiuminums oeing ip. a mole raoo to T.e *ater content of the support of from about 0.8:1 to about 
i 2:1 >n the fmal sucoortea catalyst composition. The supported metallocene-alumoxane catalyst so 
resulting has a catalyst activity at least cemparaele to a supported catalyst of like metailocene composition 
and A. transition metal -atio the alumoxane component of which is produced exclusively from TMA. 

-etaneo Desc-ction oi me Preferred Embodiments 



The present invention is directed towards a mecnod for preparing a supported catalyst system for use in 
;ne gas phase cr high oressure single phase paymenzation of olefins. The supported catalyst is particularly 
-sefui for the gas phase polymerization of ethylene to hign molecular weight polyethyienes such as linear 

censity cciyethyiene iLLCPE) anc high censicy polyethylene iHDPE). The polymers are intended for 
fabrication into articles by extrusion, injection moiong, thermoforming. rotational molaing. and the like. In 
carticuiar. the polymers preoared with the catalyst complex and by the method of this invention are 
~omccoiymers cf ethyene anc copolymers of emy ene with higher aipha-olefins having from 3 to about 10 
carbon atoms and preferably 4 to 8 caroon atoms. Illustrative of the higher alpha-oiefins are butene-1, 
^exere-i. anccctene-* 

\r. ;he prccess of -r.e present invention, etnyiene. either alone or together with alpha-oiefins having three 
or more carbon atoms, is polymerized in the presence of a silica gel supported catalyst system comprising 
at least one metallocere and an alumoxane. 

In accorcance war. this invention, one can aisc procuce olefin copolymers, particularly copolymers of 
ethylene ana signer acna-olefms having from 3-18 rarbon atoms. 

Tne active catalyst complex prepared by tne process of this invention comprises a metailocene and an 
alumoxane formed onto the surface of a silica get support material. Alumoxanes are oligomeric aluminum 
compounds represented by the general fcrmuia <R-AM)) y which is believed to be a cyclic compound and R- 
iR-Al-0-) y AIR 2 , which is a linear compouna. In tne general formula. "R" is a Ct-Cio alkyl group such as. for 
examole. methyl, ethyl, propyl, butyl, ana pentyi and "y* is an integer from 2 to about 30 and represents 
:ne degree or oiigomenzation of the alumoxane. In the preparation of alumoxanes from, for example, the 
reaction of tnmethylalumium and water, a mixture ci linear and cyclic compounds is obtained. Generally, an 
alumoxane having a higher cegree of oiigomenzation will, for a given metailocene. produce a catalyst 
compiex of higher activity than will an alumoxane having a lower degree of oligomerization. Hence, the 
crocedure by which alumoxane is produced by direct reaction of a trialkylaluminum with an undehydrated 
silica gel should insure the conversion of the bulk cuantity of the trialkylaluminum to an alumoxane having a 
high degree of oligomerization. In accordance with this invention the desired degree of oligomerization is 
obtained by the order of addition of reactants as described hereinafter. 

Tne metailocene may be any of the orgarometallic coordination compounds obtained as a cyclopen- 
radienyi d nvative of a transition metal. Metaiiocenes which are useful for preparing an active catalytic 
complex according to :he process of this tnvemon are the mono, bi and tri cyclopentadienyl or substituted 
cyclooentadienyl metai compounds and most preferably. Di-cyclopentadienyl compounds. The metallocenes 
carticularly useful in this invention are represented cy the general formulas: 
I. 'Cp) m MR,Xo 



wherein Cp is a cyclopentadiery ring. M is a Group 4b or 5b transition metal and preferably a Group 4b 
transition metal. R is a hydrocarryi group or hydrocarboxy group having from 1 to 20 carbon atoms. X is a 
halogen, ana m m m is a wnole nL-.oer from 1 to 3. "n" is a whcie number form 0 to 3. and "q" is a whole 
number from 0 to 3: 

III. R,(C;R k ) 2 MQ' 

wherein (CcR'j is a cyctopentaoenyl or substituted cyclopentadienyl. each R is the same or different and 
is hydrogen or a hydrocarbyl radical such as alkyl. aikenyl. aryl. alkyiaryl. or arylalkyl radicals containing 
from i to 20 carbon atoms, a Silicon-containing hydrocarbyl radical, or a hydrocarbyl radical wherein two 

*: carbon atoms are joined together to form a C4-C* ring. R* is C -C* alkylene radical, a dialkyl germanium or 
silicone, or an alkyl phosohine or amine radical bridging two (C^R J rings. Q is a hydrocarbyl radical such 
as aryl. alkyl. aikenyl. aikylaryi sr arylalkyl having 1-20 carbon atoms, hydrocarboxy radical having 1*20 
carbon atoms or halogen and car be the same or different. Q is an alkylidene radical having from \ to 
about 20 careen atoms. "5" is v :r 1. "g" is 0. 1 or 2: when is 0. ~s" is 0: is 4 when "s" is 1 and 

■5 H k M is 5 when "s" is 0 and M is =s defined above. 

Exemplar/ hydrocarfcyl radicals are methyl, ethyl, propyl, butyl, amyl. isoamyl. hexyl, isobutyl. heptyl. 
octyl. nonyl. decyl. cetyi. 2-eth>vhexyl, phenyl, and the like. Exemplary alkylene radicals are methylene, 
ethylene, propylene, anc the lixe. Exemplary halogen atoms include cnlorine. bromine and iodine and of 
these nalogen atoms, chtonne is preferred. Exemplary of the aixylidene radicals is methylidene. ethylidene 

20 and propylene. 

Of the metallocenes. hafnocene. zirconocenes and titanocenes are most preferred. Illustrative but non- 
limitirc examples of the -Tietallor^es which can be usefully emoloyed *n accordance with this invention are 
monocydopentadienyl rrtanoce'rs such as. cyclopentadienyl titanium trichloride, pentamethylcyclopen- 
tadienyt titanium tnchlonce: biscyctopentadienyf) titanium diphenyl; the carbene represented by the formula 

25 Cp 2 Ti = CH;-Al(CH 3 ) 2 Cl and Derivatives of this reagent such as Cp 2 Ti = CH 2 • AI(CH 3 ) 3 . (Cp 2 TiCH 2 ) 2 , 
Cp 2 TiCH 2 CH(CH 3 )CH 2 . Cp 2 Ti=CHCH 2 ,CH 2 . Cp 2 Ti = CH 2 * AlR%CI. wherein Cp is a cyclopentadienyl or 
substituted cylopentadienyl raocal. and R - is an alkyl. aryl. or alkyiaryl radical having from 1-18 carbon 
atoms: substituted bis<Cp)Ti<r.M compounds such as bistindenyDTi diphenyl or dichloride. bis- 
(methy!Cyclocentadienyi>Ti dipreryl or dihalides and other diralide complexes: dialkyl. trialkyl. tetra-alkyl 

:o and penta-alkyl cyclopeniadieny! titanium compounds such as bis(l,2-dimethylcyclopentadienyl)Ti diphenyl 
or dichloride. bisO 2-diernylcyc :oentadienyl)Ti diphenyl or dichloride and other dihalide complexes: sili- 
cone, ohospnme. amine or careen bridged cyclopentadiene complexes, such as dimethyl silyldicyclopen- 
tadienyl titanium diphenyl or chloride, methylenedicyclopentadienyl titanium diphenyl or dichloride and 
other 3?halice complexes and tr= ike. 

:= Illustrative but non-nmiting examples of the zirconocenes which can be usefully employed in accor- 
dance with this invention are. cyclopentadienyl zirconium trichloride, pentamethylcyclopentadienyl zirconium 
trichloride, bisfcyclopentadieny '-zirconium diphenyl, bis(cyclooentadienyl)zirconium dichloride. the alkyl 
substituted cydopentaoenes. s.ch as bisfethyl cyclopentadienyDzirconium dimethyl. bis(£-phenylpropyl- 
cyclocentadienyl)zircomum dimethyl. bis(methylcyclopentadienyl)zirccnium dimethyl, and dihalide com- 

<o plexes of the above: di-alky;. tri-alkyl. tetra-alkyl. and penta-alkyl cyclopentadienes. such as bis- 
(pentamethylcyclopentacnenyl)zirconium dimethyl. bis<1.2-dimethylcyclopentadienyl)zirconium dimethyl, bis- 
(l.3-diethylcyclopentadiefiyl)zircrnium dimethyl and dihalide complexes of the above: silicone, phosphorus, 
and carbon bridged cyciopentaoene complexes such as dimethylsilyldicyclopentadienyl zirconium dimethyl 
or dihalide. methylphoscnine dicyclopentadienyl zirconium dimethyl or dihalide. and methylene dicyclopen- 

-5 tadienyl zirconium dimenyl or nhalide. carbenes represented by the formulae Cp 2 Zr = CH 2 P(C;H$) 2 CH 3 . 
and Derivatives of these composes such as Cp 2 ZrCH 2 CH(CH 3 )CH 2 . 

Bis(cyclopentadienyi*hafnium dichloride. bis(cyclopentadienyl)hafnium dimethyl, bis(cyclopentadienyl)- 
vana dium dichloride and the like are illustrative of other metallocenes. 

Generally the use of a metaiiocene which comprises a bis(substituted cyclopentadienyl) zirconium will 

so provide a catalyst complex of higher activity than a corresponding titanocene or a mono cyclopentadienyl 
metal compound. Hence bis(sucst»tuted cyclopentadienyl) zirconium compounds are preferred for use as 
the metaiiocene. 

Heretofore the alumcxane ccmponent of th active catalyst compl x has been separately prepared then 
added as such to a catalyst suooort material which is th n treated with a metaiiocene to form th active 
55 catalyst complex. One procedure heretofore employed for preoaring the alumoxane separately is that of 
contacting water in th *orm 0^ a moist solvent with a solution of trialkyl aluminum in a suitabl organic 
solvent such as benzene or alic^atic hydrocarbon. As before noted this procedure is attendant with fire and 
explosion hazards whicr requires the use of explosion-proof equipment and carefully controlled reaction 
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c^tn^ J T, S a,sadvanta 5 e °' < h * :.- 9 at.on of hazardous waste =.-00ucis that must oe 

ot an act.ve catalyst complex. Separate producoon of the alumoxane component bv e.rher orocedure -, me 
.» f aumo» a re S na,e very «.» calalyK act,v.,y. Corresponding,!, ,„ e ^ 0 ,' a seoa , aIelv 

2° "eight cercent preferably from about 7 to about 15 *e.gh« percent. The average oarticle s,ze fAPS) o 

ste he 4: IT'" - 3 ^ ' menCSd ,0f h ' ?fl pr6SSure S,na,e pnase Po^enwDon the parade 
,„ !, M U ° pre,erab| y ranQe "*» *°°"t C.3 to no greater than about ,0a Hereafter *..ca 

20 having the aoove identified properties .s referrec to as urcehydrated silica gel 

of rr U I d ^ y3rate S " iCa 9el ' 38 de ' ined ab ° Ve - ' S 3dded :v6f ,,me - abou < a «** "tfnuw. to a st.rred solution 

1 3 tcTro m ; n r smoum suf,ic ' en, to orov,ae 2 mo,e f£t, ° * ^™ » ijsrc 

:^^:^E^ rss^rr? xzzsr™ — - - 

» ^ough tnethy.aJ.num when J^"^ ~ ^ 

metr cen ^ 3 r Xane Pr ° dUCt WNCh S8n " 35 3 C0Ca,a ^ St ,or P^ucbcn'of a h^h a 4 ty 
metallocene-alumoxane supported catalyst, it may be used in accordance with tne procedure oMh s 

S "' Ca **** 10 *** 3 me,a " CCene ™*™™<o IT* 
...gn activ.., metallocenc-aiumoxane suppcrre-: catalyst. Hence, -n -he orc--ess oi -lis invention a -«h 

0 ?zv:™i ( c 0 a w rr ay be , produceo exc,us,ve,y ^ teal - —^e. see^s 

cS^Tn^ ? a,ayt ' C aOV ' ty th£r 3 Ca,a ' ySt °' S,m " 2r c °™«*°" the alumoxane 
cocatafyst ... which ,s produced exclusively from TMA. The solvents used .n the precaution of the catalyst 

Such :o.v s .s are .ell <rown ar.a .ncluce. < C r exame a. .sobutane. butare. pent-e hexane heptane 

s octane, cycohexane. methyicyclohexane. to.uene. xylene and the like 

, nh l S ° SU,,ab,e ,0 ' use as ,he frialkylatuminum are tripropylalum.uum. tn-n-butylaluminum tr,- 
lltmt TZ W™^*"^™™- trihex-^aluminum. tr.-n-octy.a.um.num and tri^i- 
cowZrloTZT, SUCh h ,na, ' y,alum ' num CCmpouncs afe ^«v. when usee to form an a.umoxane 

7 acco dance ZTnZ^ ^ ^ n r6acted ^ ™ "-enydrated s,.ica ge. .n 

coSnc „ ^ >! ° 1 6 ' nVen,,0n ^ effeCt '* /e a ' Umoxane coca,a 'V^ comoonent is formed as a 

J 71 Jt r . COmp ° unds not - whe " us ed singularly, produce a catalyst wh,ch is as active as one 
produced exclusively from TMA. The level of cataiyst activity which can be attained with a given 
tnalkylalumioum compound decreases as the s,ze of the alky, substituents increases ©Q itn a g.ven 

s.lic a U or c a r/n d ;l n h ? f " nde ?K y0ra,e S, " Ca 9e ' t0 ^ 50,01,00 ° f tfialk y'aium.num. the water content of the 
T^JtrV* , 6 lr,alk y ,a,uminum to =^uce an alumoxane wh.ch ,s deposited onto the 

sTa a« o Tel^fJT**' TT* C< ,h8 «W™>™ «th the water content of m 

does no ? ^ ^ * * ' S C ° mp ' eted wi,hin ,he time * ap ^ 5 minutes, it 

safe I con^t exp,0S ' ve that wh,ch occurs with free water. The reaction may be 

safely conducted -n conventional m.x,ng equipment under a manel of inert gas 

abou^ 0 P ;^ cted J v j t V rim ! th y ,aluminum '™ A >- with a mole ratio of TMA:meta..ocene of from 

about 0.1. .o about 10:1. , s added to the st,rrea suspension of alumoxane s.iica gel product in an amount 
suff.c,en to provide a mole rat,o of a.um,num to transition metal of from about 1000:1 to aboT 1 1 

r^ic^ Z™'" ,0 3b ° Ut 10:1 *" m ° St Pre,8rab,y ,rom about 150:1 10 about 30:, The mixture 
L Z 71 f?, U,6S ,0 ab ° Ut 006 h0ur at am=,ent or an e,eva *° temperature of about 75'C to 

Z l JZtT^l 2 ,0 r? er9 ° COmP ' e,e COmP ' Xin9 re3Cti0n with the aasort) 13 Alumoxane. Thereafter. 
TomonsL I I!" I', ^ reS,dU3 ' S0 ' idS 2X6 drie ° 10 3 free ,,owinQ P«^. ™* "ee flowing powder 
comprises a s...ca gel supported meta.locene-alumoxa.ne catalyst complex of sufficiently high catatytc 
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activity fc use in the polymerization of olefi-s by conventional gas phas or high pressure single phase 
polymerize on procedures. 

The : rer of aadition c~tween the unae-ydrate silica ge. and the trialkylaluminum is imoortant with 
regarcs tc activity of the supported catalyse which results ucon addition of the metailocene. A supported 

5 cataiyst cc-.positicn of littie or no activity resJts wherein an ralkylaluminum is added to a stirred solvent 
suspensic- of undehydratee silica gel. It has ceen found that to prepare a supported catalyst composition 
of acceotacie or high activity th order of mix-rig must be one "herein the undehydrated silica gel is added 
to a stirred solution of the trialkylaluminum It is believed that this order of mixing forces the trial* 
kyiaiumm^-n to undergo reaction in the ccntext of a transient localized excess of trialkyl aluminum 

'0 comcarec :o a transient realized deficiency of water. Uncer a mixing condition which slowly adds 
undenycrated silica gel to a stirred solution ;f trialkyl alummLm. the bulk content of the trialkylaluminum 
convens :: an alumoxane -nth a degree of oligomenzation c? about 2-30 (y = 2-30). Production of an 
aiumcxcre -vtrh this degree :f oligomenzatior -esults in a final metailocene alumoxane catalyst complex of 
-se'^i :r - ;n activity. A re-erse order of mo ~g. that »s. acdit-m of an trialkylaiummum to a stirred solver; 

.■5 suscensic - of unoehydratec silica gel yields a catalyst which has a poor degree of catalytic activity. 

In acct;on to the importance of proper rr *mg order in acr*eving a supported cataiyst of useful activity, 
it has ais: been observec tnat the water ccrtent of the unoehydrated silica gel influences final catalyst 
activity. hr~ce the undehycated silica gel shruld have an adscrbed water content of from about 6 to about 
20 wetgr: rercent. Preferably the adsorbec water content srould be from about 7 to about 15 weight 

20 percent. 

Furtre- influencing the cegree of activity attained in the foal supported catalyst complex is the mole 
ratio cf a.Kytaiuminum tc the adsorbed water content of the undehydrated silica gel. The quantities cf 
tr:alkyi a.,-:inum employee should, m comparison to the qua-Dty of undehydrated siiica gel of specifiec 
aascrcec **ater content, be selected to orovi-ce a mole ratio of total trialkylaiummum tc water of from about 

25 3:1 to aDc; 1:2. preferably rem about 1.5:1 tc about 0.3:1. more preferably from about 1.2:1. to about 0.8:1. 
It has bee- observed that fcr a given metailocene. a maximum catalyst activity is generally observed in the 
trialkyiaiur-:num to water -de ratio range ct about 1.2:1 to about 0.8:1. Depending upon the particular 
:riaikyiaiL-;num selected ; cr use. commercaJly acceptable catalyst activities are exhibited in the trial- 
<ylaium;r.— . to water moie -atio range cf abc^t 3:1 to about 1:2. 

30 Aiso -*!uencing the cert of production ari the level of catalytic activity obtained m the final supported 
cataiyst crmclex is the rr; e ratio of alum^um to transition metal of the metailocene component. The 
quantity :* metailocene accec to the alLmcxa.~e adsorbed silica gel solids should be selected to provide an 
aluminum :o transition meta; mole ratio of frcm about 1000:1 to about 1:1. preferably from about 300:1 to 
cOCl: *C " ana most preferably from acc.t 150:1 -c abet 30:1- From the standpoint of economic 

35 consicerat ens it is desirable to operate m the ower ranges of re aluminum to transition metal mole ratio m 
order to r- nimize the cost cf catalyst producron. The procedure of this invention is one which provides the 
maximum conversion of the trialkylaluminum romponent to the most efficacious form of alumoxane, hence 
cermts tre safe orocuctior cf a supported metailocene alumcane catalyst of useful activity with minimum 
quantities :f the costly tnat<yi aluminum component. 

40 As be : ore noted, the type of triaikylalL-ninum utilized fcr production of the alumoxane cocatalyst 
composer: exerts an influence over the degree of catalytic activity that can be achieved in the final catalyst 
comcositicv Heretofore tmethylaluminum -as been the tria:kylaluminum of preference since it yields 
methyiaiu-oxane (MAO). Metallocenes cocaialyzed ^with methylalumoxane exhibit substantially greater 
catalytic activities than whe° cocatalyzed wir- higher alkylalumoxanes such as ethylalumoxane. Thus, even 

45 though ;r— ethylalummum ;csts about ten ttr-es more than tnethylaluminum. though desirable from a cost 
stancpcir.t because of its associated lewer acility to activate cne catalyst composition TEAL has not been 
the trialky aluminum of chc ce for use. 

The cesent invention r^w provides a me:hod by which the majority portion of the required alumoxan 
for a meta.:ocene-alumoxare catalyst can be oroduced from trethy (aluminum to produce a final supported 

so cataiyst raving a degree of catalytic activity comparable to one of like Alttransition metal ratio and 
metailocene composition but which is cocataiyzed exclusively with methylalumoxane. In this embodiment off 
the invent cn. an ethylalumcxane coatea silica gel is producec by treating an undehydrated silica gel with 
tnethyiaiu-inum. The ethy alumoxane coatee siiica gel is then treated with the product which results from 
the reacnen of trimethyialumnum with a metaJocene. Preferably the reaction of the undehydrated silica gel 

55 with trier , aluminum (TEA., and the reacticr of the m talloce^e with tnmethylaluminum (TMA) ar carried 
out m an -ert solvent. Foil: *mg addition of re TMA treat d metailocene product to the TEAL treated silica 
gel. the sc vent is removec and the solics dried to a fre -flowing powder. 

A catayst composition -~e alumoxane cc-catalyst of which s produced exclusively from TMA generally 
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has a catalytic activity {measured as g polymer g transition metathr) about twice as great as a catalyst of 
similar composition the cocatalyst alumoxane of which is oroduced exclusively from TEAL. In accordance 
with the method of this invention, a catalyst composition produced by addition of a TMA treated 
metailocene to a TEAL treated undehydrated silica gel will have an activity at least comparable to a catalyst 
of iike metailocene comoosition and Al:transiticn metal ratio provided that the quantity of TEAL utilized .s m 
a mole ratio to the water content of the undehydrated silica gel of from about 3:i to about 1:2. preferably 
from about 1 2:1 to about 0.8:1. while the total mole sum of TEAL and TMA m mole ratio to the water 
content of the undehydrated silica gel is from about 3:1 to about 1:2. preferably from about 1.2:1 to about 
0.8:1. Within such values the quantity of TEAL which may be employed constitutes on a mole basis over 
99% of the alumoxane cocatalyst requirement. Hence on a mole basis the ratio of TMA to TEAL utilized in 
production of the final supported catalyst comoosition ranges from about 1:10.000. to about 1:1. and most 
preferably from about 1:1000 to about 1:10. 

By appropriate selection of the relative amounts of the metailocene and the Malkylaluminum cocatalyst 
precursor, one can attain by the present metncd the particular active catalyst :ompiex desireo for any 
particular application. For exampie. higher concentrations of alumoxane m the :atalyst system generally 
result m higher molecular weight polymer product. Therefore, when it is desired to produce a high 
molecular weight polymer a higher concentration of totai trialkylaluminum is used, relative to the metai- 
locene. than when it .s desired to produce a lower molecu;ar weight material. For most aoplications the ratio 
of aluminum m the aluminum alkyi to total metal m the metailocene can be m the 'ange of from about 300:1 
to about 20:1. and preferably about 200:1 to about 50:1. 

Following the addition of the trimethylaluminum treated metailocene to the triethylaluminum treated 
silica gel solids, the catalyst is dr:ed to a free flowing powder. Drying of the cataiyst may be conducted by 
filtration or evaporation of solvent at a temperature up :o about 85 *C. The cried free flowing powder 
comprises a metailocene-alumoxane complex adsorbed ucon the surface of the silica gel support particles. 
The dried state composition exhibits a level of catalytic acsvity useful for polymerization of olefins by a gas 
phase or liquid phase procedure as are known in the art. 

As disclosed in copending application Serial No. 728.111 filed April 29. 1985. the molecular weight of 
the polymer product can also be controlled by the judicious selection of substituents on the cyclopen- 
tacienyf ring. and use of ligands ?or the metailocene. Further, the comonomer content can be controlled by 
the judicious selection of the metailocene. Hence, by the selection of catalyst components it is possible to 
tailor the polymer product with respect to molecular weight and density. Further, one may tailor the 
polymerization reaction conditions over a wide range of conditions for the production of polymers having 
particular properties. 

in the examples following, the melt incex (Ml) ard melt index ratio (MIR) were determined in 
accordance with ASTM test D 12-38. 

Example 1 - 

A 300 ml quantity of dried and degassed heptane was charged into a one-liter three-neck flask 
equipped with a magnetic stirring bar. A mixture of 240 ml of trimethylaluminum (TMA) in heptane (1.62 M) 
was then charged into the flask to form a clear solution. 

"A 100.0 g quantity of "undehydrated" silica gel (Davison 948) which contained 8.1% of water by weight 
was slowly added into the flask. After the addition was completed, the mixture was stirred at ambient 
temperature for one hour. 

A 1.25 g quantity of di-(n-butylcyclopentadienyi) zirconium dichloride partially dissolved in 100 ml of 
heptane was mixed with 5.0 ml of TMA in heptane solution (1.62 M). This mixture was allowed to react at 
ambient temperature for 30 minutes. The TMA-metallocene reaction mixture was then added into the flask 
and the mixture was allowed to react at ambient temperature for 30 minutes. 

The mixture in the flask was heated to 55* C in an oil bath while a nitrogen gas was purged through the 
flask to remove the solven t. The heating and nitrogen purging were stopped when the mixture in the flask 
turned into a solid form. The mixture was then dried under vacuum to form a free-flowing powder. 

Example 2 (Comparative) 

The procedure of Example i was then followed with the exception that 260 ml of tri thylaluminum 
(TEAL} solution (1.54 M) was adced into the flask and the zirconocene was addec into th flask without the 
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prereaction /vith TMA 



20 



40 



Er amoie 3 

The procedure of Examr e 1 was ; ollowec with the excecnon that 200 ml cr.TEAL ' 54 M) was aoaea 
mtc the flask. 



Examde 4 

The procedure of Examce i was : ollowec with the excepnon that 220 ml of TEAL " 54 M) was ados 

■n:z -he Mas«. 



Examoie 5 

The procedure of Exarr: e i was -oilowec with the excecron that 230 ml ;f TEAL * 54 M> was adce: 
into the flas*. 



Tre procedure of Exarr: e 1 was : ciiowec with tre excec: on :na: 250 ml ;f TEAL " 54 M) was adce-o 
2i into the flasK. 



Examoie 7 

The procedure of Exarrcie 1 was followed with tre excection that 340 rr; of trietr* aluminum (TEAL) 
solution (i 54 M) was addec nto the fiask anc an "uncehycratsd* silica gel which contared 11.0% of water 
was then acced into the flas<. 



Exampte 3 

The procedure of Examoe i was "oilowed with the exception that 190 ml TEAL soiuoon (1.54 M), 50 ; 
siiica gel containing i2.9° s *ater. 125 g zirconium compcunc. ana 2.5 ni TMA sciutior * 62 M) were use-: 
m :r.e preparation. 



Catalyst Test 

The activity of the cataiyst oowaers of Examples* 1-8 were determined at ambient temperature and 5 
-5 psig ethylene pressure by re following prccecure. A t50 -ruiiiiiter viai was freshly ceaned. heated :3 
130 C for 6 hours, coolea :o room Temperature and flusheo with nitrogen fcr 10 mir^tes. The vial was 
provided with a magnetic sirring bar and 2.5 grams jof_cataiyst composition was charged into the vial. At 
amoient temperature ethyiere gas was fed into the vial and an ethylene pressure of 5 ps:g was maintains 
for one hour. Thereafter ethyene gas *as vented from the viai and the poiyetnylene forced inside the viaj 
so was collected and weighed. The yield of polyethylene obtained with each catalyst composition is reported tn 
Table I. o 
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TABLE I 



CATALYST T 


EST RESULT 


Ca:a:yst 


Amount 




Polyethylene 




Formed, g 




2.5 


2 •'comparative) 


i.5 


3 


* 3 




2.6 


5 


3.6 


5 


33 




39 


3 


3.3 



The nventic- res be~- descr-cec .vitr reference to its referred embodiments. From this description, a 
person :f ordinary skill ir r^e art r-ay appreciate changes trat could be made m the invention which co not 
cepart '-zm the sccce aoz spirit c* :ne invention as describe: above and claimed hereafter. 



Claims 

1. A process for preparing a succored metaiiocene a:umoxane catalyst for pciymerizanon of olefins, 
comprising the stecs of: 

=» adding -nceh> rated s-ca ges ro a stirrec soiucon containing tnethyiaumtnum m an amount 
sUfice-* to ore. ze a m: e ratio ;** trethy aluminum to water of from 3:1 to 1:2 anc avowing :he mixture to 
react: 

■ci adding :o the -acted m-xture a solution of a metallocene to which trimeihyialumtnum has been 
acdec - an am:_m sucr --at the ~ic:e sum of trieihy alumrum ana tr;metnyiaiumirum is in a mole ratio to 
the wa:er conter: of the L--ehydratec silica gel of from 3:1 1:2: 

;» rgmov -g :re s: -ent: 

z\ arymc :r.e soiics :o a free :ic*mg powder. 

2. The process accorr:ng to c^aim i. wherein said underydrated sihea gel has a *aier content of from 3 
to 20 weight percent, preferably frcm 7 to 1 5 weight percent. 

3. ^r.e process acco r ::rg to caim i :r claim 2. wherein the mole ratio of aluminum to transition metal 
m sate -netailoce-e is fro- :000:i :o i.i. preferably frcm 3C0:1 to i0:t and especia: / 150:1 :o 30:1. 

4 "he process acco-;;ng to any of the preceding clams, wherein said undehydrated silica gel has a 
water content cf from 6 :: 20 weignt oercent ana the moia ratio of total trialkyiaiuminum to water is from 
1.2:1 to 0.8:1. 

5. The process accomng to any of the preceding claims, wherein the moie raso of trimethylalummum 
to triethyf aluminum is fror- 1:1000 to 1:10. 

6. The process acconmg to any of the preceding clams, wherein said undehydrated silica gel has a 
surface area of from 200 :o 400 m* g. a pore volume of from i to 2 cc g and a parrcle size of from 30a to 
60a. 

7. A process for precanng a supoorted metaiiocene aiumoxane catalyst for polymerization of ethylene 
and alpna olefin monomers, compnsing the steps of: 

(a) adding undehycrated smca gel to a stirred solution containing triethylajummum in an amount 
sufficient to provide a mc e ratio c* triethytaluminum to water of from 3:1 to 1:2 anc allowing the mixture to 
react: 

■c» adding :c the action rr-xture a oroduct which results from the reaction of mmethy^aluminum with 
a metawocene c f the for-- jia: (Cpi^MR^X- wherein Co is a cyclopentadienyl ring. M s a Group 4b or 5b 
transition metai. R >s a h> zrocarby; group sr hydrocarooxy ;roup having from 1 to 20 carbon atoms. X is a 
haloger. and m s a who e number from i to 3. n is a whoie number from 0 to 3, ard q is a whole numb r 
from 0 :o 3: (C^R J ; R'' $ (C:R\)MG ? _ 3 . or R*, (CsR'.hMQ' 

wnere< r *CrR s a eye :centadter:yl or substituted cyclopentadienyl. each R is the same or different and 
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■s hydrogen or a nydrocarbyl radical containing from 1 to 20 carzon atoms, a s.i.con-contaming nydrocarbyl 
radical. a hydrccarbyi radical wrerem two carbon atcrrs are omed tc^ether :: form a Ci-C; ring, r'' is 
C--C: a.- . ene raacal. a dialkyi germanium or silicone. :r an a^.-! cnoscn.ne or amine radical bridging two 
<C<R k ) --. 3 s. Q is a hydrocarby. radical having 1-20 carcon aicms. iyaroca-ooxy radical having 1-20 
carbon =::ms or halogen and can ce the same or afferent, q' c £P a iky:iaene -scical having from 1 to 20 
carbon a:;m S . s is 0 or 1. g is 0. 1 or 2: when gisO.s .s 0: k is 4 wnen s is 1 arc k is 5 when s is 0 and M 
is as der-ed above, wherein the Quantity of trlmethylaiuminum 3cced to the metallocene is such that the 
mole rate of trlmethylaiuminum to metallocene is from 0.1:1 to iQ:i: 

(c» -amoving the solvent: 

<c* ryring the solids to a free flowing powder. 

8. T>e process according to claim 7. wherem said meiaiiocere is a zirconocere and or titanocene. 

9. P-e process according to claim 8. wherein said zirconoce-e >s selected fr:m the group consisting of 
cycloperradienyl zirconium trichloride: pentametr^cyciocen-adienyi *!rc:ni U m tnchioride: bis- 
^ryclope-rscienyorirconium dipheryi: bisrcyclccentadiery:»z;rcc-ur-. cic-orce: Ekyl substituted cyclopen- 
tadienes and their dihaiide comp»exes: aialkyl. tnaikyi. :etra-ai*y.. and cenca-a;</i cycio-pentadienes. and 
their diha ce complexes: and silicone., phosphorus, anc carbon cnc;ed :ycioper:adiene complexes and/or 
wherein said titanocene is selected from the group consisting of monccyciopentadienyl titanocenes: bis- 
(cyclope-raaienyl) titanium dipheryi; carbenes recreseriec by :re f ormua Cd:~=CH : • AI(CH 3 ) 2 CI and 
their der:,atives. wherein Cp is a cydopentadienyi or s^osmutea cydopeniadieryi radical: substituted bis- 
(Cp)Ti(IV. compounds and their cihalide complexes: diaikyi. tnaiky:. tetra-aikyi and penta-alkyl cydopen- 
tadienyi rtanium compounds anc their dihaiice complexes: arc silicone, phesphine. amine or carbon 
bndgec ::opentadiene complexes, anc their ahaiide ccmciexes. 

10. orocess according to c airn 9. wherein saic -ncenyraiss siirca get -as a water content of from 
aoout 6 :: scout 20 weignt percent and the mcie ratio of :r»aikyi a-umnum to waif' is from 3:1 to 1:2. 
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